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SYSTEM AND METHOD FOR AUTOMATED
SUCCESSIVE THREE-DIMENSIONAL
PRINTING

CLAIM OF PRIORITY

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/929,740 filed on May 19, 2020, entitled
“System and Method for Automated Successive Three-
Dimensional Printing”, which claims priority to U.S. patent
application Ser. No. 15/800,973 filed on Nov. 1, 2017,
entitled “System and Method for Automated Successive
Three-Dimensional Printing”, which claims prionty to U.S.
Provisional Patent Application No. 62/416,428 filed on Nov.
2, 2016, also entitled “System and Method for Automated
Successive Three-Dimensional Printing™, the contents of all
of which are hereby incorporated by reference in their
entirety.

NOTICE OF COPYRIGHTS AND TRADE
DRESS

A portion of the disclosure of this patent document
contains material which 1s subject to copyright or trade dress
protection. This patent document may show and/or describe
matter that 1s or may become trade dress of the owner. The
copyright and trade dress owner has no objection to the
tacsimile reproduction by anyone of the patent disclosure, as
it appears in the Patent and Trademark Oflice patent files or
records, but otherwise reserves all copyright and trade dress
rights whatsoever.

FIELD OF THE EMBODIMENTS

The present disclosure relates generally to a system and
method for automated successive three-dimensional print-
ing. More particularly, the present disclosure relates to a
system and method for automated successive three-dimen-
sional printing which can operate without a human being
present.

BACKGROUND

Additive manufacturing (also known as “3D printing”) 1s
performed by a special-purpose device which operates by
depositing thin layers of thermoplastic or other reformable
or reactive material onto a flat planar surface. This 1s done
by depositing said material between precise points until the
sum of all layers forms the ultimate shape of a desired
object. One requirement that this type of system has 1s that
the first layer of material deposited on the build surface must
adhere to that surface. This adhesion 1s important because 1t
ensures that the forces of the subsequent material being
deposited does not change the position of the first layer
relative to all subsequent layers. While a lateral shiit of any
layer results 1n inaccurate printing, a shift in the first layer
typically results 1n catastrophic failure of the print job.

This adhesion requirement introduces a certain “Goldi-
locks” paradigm: a print surface must provide suilicient
adhesion such that the risk of first layer detachment over the
course of a print job 1s sufliciently low, yet not so much
adhesion that the desired object 1s now permanently fused to
the build platiorm. Put simply, a build platform that provides
too much adhesion requires significant physical force to
remove the object, while a build platform with too little
adhesion causes the printer to be unreliable or maccurate.
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Already existing 1n the art are a number of solutions to
address this adhesion requirement, however each solution
has significant limitations or drawbacks. Such solutions
include painter’s tape, ultra-hold hair spray, and polyimide
tape. EFach of these materials are produced by a variety of
companies, each with their own specific chemical formula-
tions. However, a common drawback of all these materials
1s that they lack staying power. That 1s, they all wear out or
become damaged during the removal of the print, possibly
alter only a single use.

Another solution to the adhesion requirement of 3D
printing 1s to have the build platform be inherently adhesive.
To address ejecting the printed objects, some of these build
platforms are constructed out of a flexible base matenal,
which allows the end user to apply a bending force to the
build platform to unstick the printed object from the build
platform.

Regardless of the composition of the build platform, most
3D printers that exist today merely leave the completed
object on the build platform, waiting for the user to manually
remove the object so that the next print job can initialize.
This creates a bottleneck 1n the production of 3D-printed
objects, preventing 3D printing from being used as a manu-
facturing tool. Because of this, 3D printers cannot automati-
cally process their print queues, and cannot be operated with
any kind of autonomy. For 3D printers to fulfill the vision as
deliverers of digital ideas into our physical world, a mecha-
nism for removing a print job from the build platform 1s
necessary.

One solution to this automated ejection problem 1s the
“Automated Build Platform™ product oflered as an aiftermar-
ket add-on kit by MakerBot Industries, disclosed 1n U.S. Pat.
Nos. 8,282,380 and 8,287,794. There, the build platform
surface 1s constructed out of a thin, flexible substance
concatenated with 1tself to form a closed-loop, movable
conveyor belt, supported by an underlying flat hard surface.
Once printing 1s completed, the conveyor belt advances
using the rotational force of motorized frictional cylinders
on one end, and the object detaches from the flexible surface
at the rotating point, also pushing 1t from the completed
build platform. The movement of the build surface as a
conveyor belt both provides the detaching force at the
rotation point as well as the linear movement of the object
out of the build space. However, when implemented 1n
real-world printers, warping of the object proved to be an
insurmountable problem as a print bed that ejects warped
objects 1s not functional. That is, the upward curling force of
uneven thermoplastic cooling was too great for the thin
surface material to counteract, and objects with large surface
areas were either too warped to be acceptable, warped to the
point of causing catastrophic print failure, or 1n the event of
a small object not being large enough to warp, too well-
adhered to be removed by the rotating force of the surface.
Attempts were made to correct this by constructing the build
platform out of thin metal, like titanium. Notwithstanding
the dramatically increased cost of a titanium build platform,
large objects still produced the devastating warping efiects
that the thin metal couldn’t counteract.

Another solution that exists today is taught 1n U.S. Pat.
No. 9,289,946. That solution leverages the mechanical
advantage of a wedge and uses a blade to apply a separating
force to break the bonds between the bottom surface of the
printed object and the printing surface. Further, the blade’s
motion-path back to its starting position doubles as the force
to push the now-separated object out from the build volume.
Alternatively, this blade/wedge-separation method may
employ a secondary, separate device to remove the object
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from the print area after separation to similar eflectiveness
at the cost of increased expenses and mechanical complex-
ity, should there be an engineering reason to do so. However,
this solution 1s mechanically complex and has limits on the
s1ze ol objects that can be ejected because as an object’s
bottom surface area increases, the force of adhesion between
the object and the buwld platform increases as well. There-
fore, the force needed to drive a blade underneath the first
layer of the build object increases drastically with the
tootprint of the build object. Additionally, the blade may dull
over time, requiring sharpening or replacement, adding to a
printer’s maintenance overhead. The blade also requires
exact calibration, as the blade must run along the surface of
the build platform, but not cause damage or excessive wear
to 1t. Finally, this mechanism requires additional space
alongside an arbitrary axis of the build surface area, decreas-
ing the printer-size-to-build-volume ratio of the 3D printer.

The most prolific automated solution to ejecting printed
objects from the build platform 1s the automated application
of a large brute force on the completed object. This force 1s
suilicient such that the bottom layer of the printed object
detaches from the build platform and the object’s momen-
tum moves 1t out from the printer’s build volume, freeing the
printer to mitialize a subsequent print. This 1s achieved via
a dedicated ramming device or via the print head itself. The
success of this method 1s firstly dependent on the condition
that the force on the object 1s suflicient such that separation
occurs between the object and the build platform, as there 1s
no mechanical advantage to this method. In the case of using
the print head to ram the object ofl the build platform, the
components that support the print head must be able to
withstand this force. Typically, the supports are precision-
machined guide rods, which, for small objects, are suflicient.
However, for large objects with a high degree of adhesion to
the build surface, the force of impact may be suflicient to
permanently deform the rods that allow the motion of the
print head, eflectively breaking the printer until they are
replaced. This method also requires that the adhesion
between layers of the object 1s higher than the adhesion
between the object and the build surface, otherwise the
object would shear at an arbitrary z-height, which could
cause either errors or breakage of the printer when attempt-
ing to print the next object. With this method being effective
only for printed objects that are strong 1n their inherent shape
and small in their surface area contact with the print plat-
form, this method leaves much to be desired.

Another solution 1s taught by International Patent Appli-
cation No.: WO 2015/116639. This invention consists of two
critical components: a tlexible, flat planar build surface; and
a two-part mechanical system to deform this surface along
one axis and then also to vacate the now-ireed completed
object from the build surface. The combination of deform-
able planar surface and mechanical system serve to replace
the need for human labor to clear a printer’s build surface for
a subsequent print to commence. This method 1s dependent
on the aforementioned “Goldilocks™ build platforms which
are constructed out of a tlexible metal surface coated with a
substance that increases desirable adhesion properties
between printed plastic and the build platform, or a flexible
non-metal material that inherently has desirable adhesion
properties. Between the coated-metal vs. proprietary mher-
ent material flexible products, flatness of the build surface 1s
difficult to achieve or 1s highly expensive. Additionally, the
natural fatigue of both metal and polymer flexible build
products must be considered. After certamn flex/flatten
cycles, the material may either begin to crack or degrade
from the stress, or possibly no longer be able to return to a
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tully tlattened state—a hard-stop for accurate 3D printing,
again leaving much room for improvement.

As can be seen based on the above solution, the current
state of the art only provides very compromised options,
either limiting the type of object that can be printed or
adding significant mechanical complexity and chemical-
manufacturing dependencies to the 3D printer itself.

While these units may be suitable for the particular
purpose employed, or for general use, they would not be as
suitable for the purposes of the present disclosure as dis-
closed hereafter.

In the present disclosure, where a document, act, or item
ol knowledge 1s referred to or discussed, this reference or
discussion 1s not an admission that the document, act, item
of knowledge, or any combination thereof that was known
at the prionity date, publicly available, known to the public,
part of common general knowledge or otherwise constitutes
prior art under the applicable statutory provisions; or 1s
known to be relevant to an attempt to solve any problem
with which the present disclosure 1s concerned.

While certain aspects of conventional technologies have
been discussed to facilitate the present disclosure, no tech-
nical aspects are disclaimed. It 1s contemplated that the
claims may encompass one or more of the conventional
technical aspects discussed herein.

SUMMARY

The present disclosure teaches a print area, for accepting
and subsequently ejecting an object printed thercon by a
3-dimensional printer, the print area comprising: a build
plane; a replenishing mechanism located proximate and
external to the bwld plane, the replenishing mechanism
having a vertical actuator having a top end, a lift platform
connected to the top end, and a holding bracket having a
perimeter; a plurality of build platforms, which preferably
are vertically stacked, contained within the holding bracket,
cach build platform having a top surface, a bottom surface,
and a plurality of walls extending therebetween, wherein the
top surface 1s configured to adhere to the object and 1s even
with the build plane, wherein the holding bracket 1s sized to
accommodate the plurality of build platforms, and wherein
the replenishing mechanism 1s capable of lifting each build
plattorm above the build plane via the vertical actuator
exerting an upward force on the vertically-stacked build
platforms; and a push mechanism, having a horizontal
actuator attached to a plow, where the plow 1s located
proximately to the holding bracket, wherein the horizontal
actuator 1s configured to provide suilicient force to gject a
build platform raised above the build plane beyond the
perimeter of the holding bracket. In some embodiments,
cach build platform 1s disposable, while 1 others 1t is
reusable.

The present disclosure also teaches a method of ejecting
an object from a print area, the object being printed by a
3-dimensional printer, the print area comprising, a build
plane, a replenishing mechanism located proximately and
external to the build plane, the replenishing mechanism
having a vertical actuator having a top end, a lift platform
connected to the top end, and a holding bracket having a
perimeter, a plurality of vertically-stacked build platiforms
contained within the holding bracket, each build platform
having a top surface, a bottom surface, a plurality of walls
extending therebetween, wherein the top surface 1s config-
ured to adhere to the object and 1s even with the build plane,
wherein the holding bracket 1s sized to accommodate the
plurality of build platforms, and wherein the replenishing
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mechanism 1s capable of lifting each build platform above
the build plane via the vertical actuator exerting an upward
force on the vertically-stacked build platforms, and a push
mechanism, having a horizontal actuator attached to a plow,
where the plow 1s located proximately to the holding
bracket, wherein the horizontal actuator 1s configured to
provide suflicient force to eject a build platform raised above
the build plane beyond the perimeter of the holding bracket,
the method comprising the steps of: providing, by the
3-dimensional printer, a printed object adhered to the top
surface of the build platform; lifting, the object and the
adhered build platform, by the lift mechanism, where the
bottom surface of the adhered build platform 1s level with
the build plane, and the top surface of a second build
platiorm 1s also level with the build plane, abutting against
the bottom surface of the adhered build platform; pushing
the lifted build platform, by the push mechanism such that
the build platform 1s ejected from the print area. In some
embodiments, the method further comprises the step of
removing the object from the ejected build platiorm, in
others the step of disposing of the ¢jected build platiorm,
and 1n others the step of mnserting the ejected build platform
within the holding bracket.

This mmvention addresses the need for an automated
method of creating subsequent physical objects using addi-
tive manufacturing, a process colloquially known as “3D
printing.” By using a variety of electrochemical and/or
clectromechanical enhancements to the traditional static
print bed, a 3D printer deploying the disclosed methods
could process 1ts print queue without human intervention.
The methods pursued herein aim to circumvent limitations
present 1n attempts outlined in the prior art by being feasible
with both delicate printed parts that cannot withstand large
moments ol force against them, or large objects with a
considerable surface area interface between the printed part
and the build platform.

The present disclosure also provides for a print area, for
accepting and subsequently ejecting an object printed
thereon by a 3-dimensional printer. Preferably the print area
comprises a build plane, a replenishing mechanism which 1s
located proximately and external to the build plane, a
plurality of build platforms arranged in an order that has a
beginning and an end. Each build platform has a top surtace,
a bottom surface, and a plurality of walls extending ther-
cbetween, where the top surface 1s configured to adhere to
the object. The print area also preferably includes a holding,
mechanism having a perimeter, where the holding mecha-
nism 1s configured to hold a build platform even with the
build plane when the 3-dimensional printer 1s printing
thereon, as well as a displacement mechanism that 1s con-
figured to eject a build platform beyond the perimeter of the
holding mechanism and concurrently displace a build plat-
form at the beginning of the order into the perimeter of the
holding mechanism. Preferably this order 1s a vertical stack,
and where the beginning of the vertical stack 1s a bottom of
the vertical stack and the end of the vertical stack 1s a top of
the vertical stack.

The claims should not necessarily be construed as limited
to addressing any of the particular problems or deficiencies
discussed hereinabove. To the accomplishment of the above,
this disclosure may be embodied 1n the form 1llustrated in
the accompanying drawings. Attention 1s called to the fact,
however, that the drawings are 1llustrative only. Variations
are contemplated as being part of the disclosure.

Implementations may include one or a combination of any
two or more of the atorementioned features.
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These and other aspects, features, implementations, and
advantages can be expressed as methods, apparatuses, sys-
tems, components, program products, business methods, and
means or steps for performing functions, or some combina-
tion thereof.

Other features, aspects, implementations, and advantages

will become apparent from the descriptions, the drawings,
and the claims.

BRIEF DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the drawings, like elements are depicted by like refer-
ence numerals. The drawings are brietly described as fol-
lows.

FIG. 1A 15 a side view, showing an example embodiment
of the build platform according to the present disclosure,
with a completed object disposed thereon.

FIG. 1B 1s a side view, showing the build platform of FIG.
1A, in the midst of being ejected.

FIG. 1C 1s a side view, showing the build platform of FIG.
1B, having a second object printed thereon.

The present disclosure now will be described more fully
heremnafter with reference to the accompanying drawings,
which show various example embodiments. However, the
present disclosure may be embodied in many different forms
and should not be construed as limited to the example
embodiments set forth heremn. Rather, these example
embodiments are provided so that the present disclosure 1s
thorough, complete, and fully conveys the scope of the
present disclosure to those skilled in the art. In fact, 1t waill
be apparent to those skilled in the art that various modifi-
cations and variations can be made 1n the present mnvention
without departing from the scope or spirit of the invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

The preferred embodiments of the present invention will
now be described with reference to the drawings. Identical
clements 1n the various figures are identified with the same
reference numerals.

Retference will now be made 1n detail to each embodiment
of the present invention. Such embodiments are provided by
way of explanation of the present mvention, which 1s not
intended to be limited thereto. In fact, those of ordinary skall
in the art may appreciate upon reading the present specifi-
cation and viewing the present drawings that various modi-
fications and variations can be made thereto.

Exhibited below are several solutions for solving the
problem of printing subsequent objects using additive manu-
facturing hardware without human intervention between
cach such print jobs.

Referring to FIGS. 1A-1C, an embodiment of the print
area according to the present disclosure 1s provided. Here,
the print area includes a plurality of vertically-stacked build
platiorms 100 housed 1nside a replenishing mechanism 300,
a push mechanism 200, and a build plane 400. Each of the
build platiforms 100 has a top surtace 100A, a bottom surface
1008, and a plurality of walls 100C extending between the
top surface 100A and the bottom surface 100B. The top
surface 100A 1s configured to have a 3D-printed object 1000
adhere to it. This 1s true whether the 3D printer employs
fused deposition modeling (“FDM™), fused filament fabri-
cation (“FFF”), or stereolithography (“SLA”). The replen-
ishing mechanism 300 contains a vertical actuator 301
which has a top end 301A, a lift platform 302 connected to
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the top end 301A, and a holding bracket 303 with a
perimeter 303 A. The vertical actuator 301, the lift platform
302, and the plurality of build platiorms 100 are contained
within the perimeter 303 A. The build plane 400 1s level with
the top of the replenishing mechanism 300.

In the embodiment of the print area shown by FIGS.
1A-1C, automation 1s achieved by ejecting the entire build
platform 100 upon which the object 1000 1s printed on. FIG.
1A shows the print areca with a completed object 1000

disposed on the upper-most of the vertically-stacked build
platforms 100. In FIG. 1B, this adhered build platform 100

1s ejected by the push mechanism 200, with the object 1000
still adhered thereto. Upon ejection of this build platform
100, the replenishing mechanism 300 shall 1ift, via the lift
plattorm 302 and the vertical actuator 301, an additional
build platform 100 such that the top surtace 100A 1s 1n line
with the build plane 400. This insertion of the blank build

platform 100 allows the printer to commence a new print in
its print queue, as shown by FIG. 1C. This has the benefit of
allowing the 3D printer to autonomously and sequentially
print a number of the objects 1000 regardless of a human’s
availability to remove the objects 1000 from the buld
plattorms 100. Preferably, the end-user of the printer may
come at a later point and remove the object 1000 from the
ejected platform 100. In some embodiments, the build
plattorm 100 1s disposable, but in other embodiments the
build platform 100 1s reusable. One way in which the build
platform 100 could be reusable would be to mnsert the used
build platform 100, after the object 1000 has been disjoined,
into the bottom of a stack of queued-up blank build plat-
forms 100. Alternative embodiments exist where the build
platforms 100 are not vertically-stacked but are 1n a carousel
where the build platforms 100 are rotated into the appropri-
ate position to receive the object 1000. These build plat-
forms 100 can be constructed out of any type ol material
currently in use for build platforms, as described 1n the
background, above. The embodiment of the print area shown
in FIGS. 1A-1C has the benefit of keeping the x/y coordinate
footprint relatively unharmed in between print jobs.

While the print area of FIGS. 1A-1C are suitable for
printing methods where the print head 1s located above the
build platform 100, 1t 1s similarly suitable for use with
printers where a laser or imaging source 1s located beneath
the build platform 100, operating 1n an mnverted manner from
what 1s pictured.

When mtroducing elements of the present disclosure or
the embodiment(s) thereot, the articles “a,” “an,” and “the”
are intended to mean that there are one or more of the
clements. Similarly, the adjective “another,” when used to
introduce an element, 1s intended to mean one or more
clements. The terms “including” and “having” are intended
to be inclusive such that there may be additional elements
other than the listed elements.

While the disclosure refers to exemplary embodiments, it
will be understood by those skilled 1n the art that various
changes may be made and equivalents may be substituted
for elements thereol without departing from the scope of the
disclosure. In addition, many modifications will be appre-
ciated by those skilled in the art to adapt a particular
instrument, situation or material to the teachings of the
disclosure without departing from the spirit thereof. There-
fore, 1t 1s intended that the disclosure not be limited to the
particular embodiments disclosed.

It 1s understood that when an element 1s referred herein-
above as being “on” another element, 1t can be directly on
the other element or mtervening elements may be present
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therebetween. In contrast, when an element 1s referred to as
being “directly on” another element, there are no intervening
clements present.

Moreover, any components or materials can be formed
from a same, structurally continuous piece or separately
tabricated and connected.

It 1s further understood that, although ordinal terms, such
as, “first,” “second,” and “third,” are used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer and/or section from another element, component,
region, layer and/or section. Thus, a “first element,” “com-
ponent,” “region,” “layer” and/or “section” discussed below
could be termed a second element, component, region, layer
and/or section without departing from the teachings herein.

Features illustrated or described as part of one embodi-
ment can be used with another embodiment and such
variations come within the scope of the appended claims and
their equivalents.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, are used herein for
case of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It 1s understood that the spatially relative
terms are mtended to encompass different orientations of the
device 1n use or operation in addition to the orientation
depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device can be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

Example embodiments are described herein with refer-
ence to cross section illustrations that are schematic 1llus-
trations of 1dealized embodiments. As such, variations from
the shapes of the illustrations, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
example embodiments described herein should not be con-
strued as limited to the particular shapes of regions as
illustrated herein, but are to include deviations 1n shapes that
result, for example, from manufacturing. For example, a
region 1illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are 1llustrated may be rounded. Thus, the regions 1llustrated
in the figures are schematic 1n nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

As the mmvention has been described 1n connection with
what 1s presently considered to be the most practical and
various embodiments, 1t 1s to be understood that the inven-
tion 1s not to be limited to the disclosed embodiments, but
on the contrary, 1s itended to cover various modifications
and equivalent arrangements included within the scope of
the appended claims. Although specific terms are employed
herein, they are used 1n a generic and descriptive sense only
and not for purposes ol limitation.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including,
making and using any devices or systems and performing
any 1ncorporated methods. The patentable scope of the
invention 1s defined in the claims, and may include other
examples that occur to those skilled 1n the art. Such other
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examples are intended to be within the scope of the claims
if they have structural elements that do not differ from the
literal language of the claims, or 1f they include equivalent
structural elements with nsubstantial differences from the
literal language of the claims.

In conclusion, herein 1s presented a system and method
for automated successive three-dimensional printing. The
disclosure 1s illustrated by example 1 the drawing figures,
and throughout the written description. It should be under-
stood that numerous variations are possible while adhering
to the mventive concept. Such variations are contemplated
as being a part of the present disclosure.

What 1s claimed 1s:

1. A print area, for accepting and subsequently ejecting an
object printed thereon by a 3-dimensional printer, the print
area comprising;

a build plane;

a replenishing mechanism located proximately and exter-

nal to the build plane;

a plurality of build platforms arranged in an order,

the order having a beginning and an end,

10
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cach build platform having a top surface, a bottom
surface, and a plurality of walls extending therebe-
fween,
wherein the top surface 1s configured to adhere to the
object;
a holding mechanism having a perimeter,
wherein the holding mechanism 1s configured to hold a
first build platform even with the build plane when
the 3-dimensional printer 1s printing thereon;
and a displacement mechanism,
wherein the displacement mechamism 1s configured to
¢ject the first build platform beyond the perimeter of
the holding mechanism and concurrently displace a
second build platform at the beginning of the order
into the perimeter of the holding mechanism.
2. The print area of claim 1, wherein the order 1s a vertical
stack.
3. The print area of claim 2, wherein the beginning of the
vertical stack 1s a bottom of the vertical stack and the end of

20 the vertical stack 1s a top of the vertical stack.

G s x ex e
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